Acute visual failure is the presenting symptom of an ocular stroke. Ocular strokes are due to a central retinal artery (CRA) occlusion, branch retinal artery (BRA) occlusion or anterior ischaemic optic neuropathy (AION) which is the result of infarction of the optic nerve.
Central retinal artery occlusion CLINICAL SIGNS AND SYMPTOMS
Sudden blindness is the major symptom in CRA occlusion unless a cilioretinal artery is present to supply circulation to the macula. Eye pain is atypical, but when present suggests involvement of the ophthalmic artery.
Blindness is confirmed by failure of the pupil to react to direct light, but what is seen ophthalmoscopically depends on how soon after the occlusion the examination is made. If the fundus is examined within the first few minutes whilst the occlusion persists, the striking finding is the presence of segmentation of the blood column, boxcar segmentation, with slow "streaming" of flow in the retinal veins. Blood in the arterial branches is dark and a few arterioles may show segmentation, (clear areas alternating with areas where the cells appear clumped together), but this is nowhere so obvious as in the veins.
Ophthalmoscopy is not often performed within the first hour, however, and later inspection of the fundus will show surprisingly little. Typically the disc will show no more than mild pallor while the arteries may be only slightly attenuated. Gentle digital pressure on the globe during ophthalmoscopy may nevertheless elicit segmentation of the blood column, indicating the presence of a slow but not completely arrested circulation. Total obstruction posterior to the lamina should be suspected when the retinal arteries on the disc start to pulsate at a touch indicating very low retinal diastolic pressure. When the signs of CRA occlusion are secondary to an ophthalmic artery occlusion, the intraocular pressure in the eye is low.
With the passage of time, typically after an hour or more, the characteristic fundus changes are seen. The ischaemic retina takes on a white ground glass appearance and the normal red colour of the choroid showing through at the fovea accentuates the central cherry-red spot at the macula (fig 1) . Within days of the acute event, the retinal opacification, the cherry-red spot and the nerve fibre layer disappear and optic atrophy of the primary type develops.
PATHOGENESIS
There are five principal causes of occlusion of the CRA: 1 Embolic obstruction; 2 Occlusion in situ in association with atheromatous disease when the narrowed arterial lumen becomes obliterated by superimposed thrombosis or haemorrhage; 3 Inflammatory endarteritis, such as temporal arteritis,' thromboangiitis obliterans,' and polyarteritis nodosa with involvement of the choroidal and retinal arteries;' 4 Simple angiospasm, a rare cause that may be the mechanism of CRA occlusion associated with Raynaud's disease4 or with migraine;5 5 Arterial occlusion that occurs hydrostatically with either the high intraocular pressure of glaucoma; the low retinal blood pressure of carotid stenosis or the aortic arch syndrome; or severe hypotension.
The cause of the CRA occlusion may be evident if examination shows: a retinal embolus, hypertension, atrial fibrillation and/or disease of other arteries, notably the ophthalmic or temporal artery or the internal carotid artery in the neck. However, even in cases of embolic genesis, an embolus may not be seen because emboli frequently impact behind the lamina cribosa. Trauma is also an important cause of CRA occlusion. Compression of the globe may be self-inflicted in circumstances involving heavy alcohol use and/or drug consumption followed by stupor." lIatrogenic CRA occlusion has been reported in patients undergoing surgery where prolonged pressure to the orbit has occurred inadvertently in association with a period of hypotension during anaesthesia.'2 13
DIAGNOSIS
The diagnosis of CRA occlusion is usually straightforward. However, the differential diagnosis of acute persistent monocular visual failure includes a number of ophthalmic emergencies, that is, AION, acute occlusion of the central retinal vein, detachment of the macula, acute closed-angle glaucoma, sudden vitreous or macular haemorrhage, as well as factitious visual loss. MANAGEMENT Bock et al 14 and Hayreh et al 1 ' suggest that the retina suffers irreparable damage after a CRA occlusion of 105 minutes but may recover well within 97 minutes of the ictus. However, by the time most CRA occlusions are seen, there is usually a longer lapse of time and there is no effective treatment available for the restoration of normal vision. Nonetheless, every case deserves referral for urgent treatment since restoration of an area of peripheral visual field may be achieved.
The initial treatment consists of laying the patient flat and giving firm ocular massage to lower intraocular pressure and help dislodge the embolus into the peripheral retinal circulation.'6 The patient should rebreathe into a paper bag to build up carbon dioxide and receive 500 mg of intravenous Diamox.
Immediately after the initial therapy, when fundoscopy shows boxcar segmentation in the retinal arterioles, the patient should be referred on an urgent basis to an ophthalmologist for an anterior paracentesis. In the absence of a cherry-red spot and boxcarring in the retinal arterioles, the patient should be referred to a retina specialist for an urgent timed fundus fluorescein angiogram to determine the site of the arterial block. The fundus fluorescein angiogram in a CRA occlusion will show a normal arm to eye circulation time and choroidal phase and a delay in filling of the branches of the central retinal artery. The fundus fluorescein angiogram in an ophthalmic artery occlusion will show a delayed arm to eye circulation time and simultaneous delayed flow in both the choroidal and retinal (CRA) circulation.
In CRA occlusion, in the late stage, where a cherry-red spot is present, an anterior paracentesis may be of little benefit because the infarcted retina is probably already damaged beyond recovery.'7 Nevertheless, in eyes that have been blind for several hours heroic measures can be undertaken even if 24 Hypertension is an important factor in the genesis of all strokes. The early detection of hypertension, its vigorous treatment and close surveillance may be expected to reduce the increasing prevalence of CRA occlusion. Heart disease is frequently present in patients with CRA occlusion. In a retrospective study of patients with CRA occlusion, Appen et al 8 found that 30% of younger and 23% of older patients had associated cardiac valvular disease. In a prospective study,19 56% of patients under the age of fifty had a potential cardiac source of embolus, compared with 24% in the older age group. Aortic stenosis was the most frequent lesion but mitral leaflet prolapse was an isolated finding in ten patients. The data emphasise the vital importance of careful cardiac assessment, especially in young patients.
Ophthalmic artery occlusion mimics a CRA occlusion clinically and produces opacification of the infarcted retina. But, the typical cherry-red spot may be absent or extremely indistinct due to coexisting infarction of the choroid. The lodging of a calcific embolus in a branch of the CRA, usually at a first or second order bifurcation, produces sudden and permanent loss of a sector of the visual field with retinal infarction corresponding to the vascular territory of the arteriole (fig 2) . Transient cerebral ischaemic attacks or a stroke are rare preceding symptoms in patients with branch retinal artery (BRA) occlusion unless large numbers of calcific emboli are released at the time of aortic or mitral valve surgery. Amaurosis fugax is the most common preceding visual symptom (table 3) .
PATHOGENESIS
The ophthalmoscopic appearance of a retinal embolus can provide specific information about the embolic material and its possible source (table 2) . Bright yellowish glinting lipid emboli (Hollenhorst plaques) are the most common emboli seen in the eye (fig 2) . They have been confirmed to be cholesterol and they are associated with atheromatous changes of the ipsilateral carotid artery or aortic arch disease. 35 nine years) and that a visible retinal embolus predicted a dramatic reduction in survival (44%). When no embolus was visible, more patients survived. Death was related in most cases to cardiac infarction.
Anterior ischaemic optic neuropathy Anterior ischaemic optic neuropathy due to acute infarction of the optic nerve head is a common cause of sudden persistent visual failure in patients past middle age. 44 The blood supply of the optic nerve head is primarily derived from choroidal and posterior ciliary branches of the ophthalmic artery. The posterior ciliary arteries arise from the ophthalmic artery as independent branches, or in common with other branches of the ophthalmic artery and may number two (in 48%), three (in 39%) or four branches (in 8%). There are usually only two posterior ciliary arteries, a medial posterior ciliary artery and a lateral posterior ciliary artery. These vessels are end arteries, so that the border zone between the areas of the supply of the medial PCA and the area of supply of the lateral PCA is a watershed zone. The lateral and medial PCAs supply the corresponding half of the choroid. In humans the watershed zone may be located anywhere between the fovea and the nasal border of the optic disc (fig 3) . 4 The position of the watershed zone is of great clinical significance because it determines the extent of involvement of the optic nerve head by ischaemia following an occlusion of one of the two main posterior ciliary arteries.45 4S48
CLINICAL SIGNS AND SYMPTOMS
Anterior ischaemic optic neuropathy occurs most often in patients over the age of 40. Typically, sudden, painless visual field loss, an altitudinal field defect, and pallor and swelling of the optic disc occur. Rarely, optic disc changes precede visual loss. Occasionally, visual loss may progress over 1-7 days.
The ischaemic optic disc has a characteristic appearance on funduscopic examination. Usually there is no significant hyperaemia, and even in the early stages the disc tends to be pale. Both the swelling and the pallor may be sectorial, affecting only the superior or inferior half of the disc head. Superficial flame shaped haemorrhages are frequently present, mainly along the peripapillary capillaries (fig 4) . When the disc oedema begins to subside, optic atrophy develops and optic disc cupping, similar to that seen in glaucoma, may occur.
In rare cases, embolic ischaemic optic neuropathy can be diagnosed funduscopically by the presence of ischaemic disc swelling and emboli in the branches of the CRA.
PATHOGENESIS
Anterior ischaemic optic neuropathy (AION) occurs in two forms: 1) non-arteritic (median age fifty six years) in which the risk factors are diabetes mellitus in younger patients and hypertension in older patients;49-53 and 2) An arteritic variety due to giant cell arteritis (median age seventy-four years 60 and corticosteroids are of questionable value, although they are frequently used when the second eye becomes involved.
PROGNOSIS
The prognosis for recovery of vision in AION is poor, particularly in patients with the arteritic variety due to giant cell arteritis.
The long term clinical course of patients with AION is not well documented. In one follow up study of 205 patients with nonarteritic AION there was a slightly greater incidence of stroke and myocardial infarction than expected but no greater mortality.6' In a retrospective study of 71 patients with nonarteritic AION the data showed a 2-3 fold higher myocardial and cerebral infarction mortality than expected.62 The diagnostic process for each patient requires meticulous attention to:
1 Blood pressure, heart rate and rhythm, palpation of the temporal arteries, and auscultation of the heart, neck, eyes and head.
2 Dilated funduscopic examination. Emergency treatment in CRA occlusion is designed to lower intra-ocular pressure and dislodge the embolus. In impending CRA occlusion heparin is useful. Urgent systemic corticosteroids are needed when CRA occlusion, or AION are due to arteritis. In other situations treatment is directed towards preventing recurrence or involvement of the other eye by reducing or eliminating identified risk factors.
